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ABSTRACT
The bolometric luminosity of active galactic nuclei (AGN) is difficult to determine and
various approximations have been used to calibrate it against different observed properties.
Here I combine theoretical calculations of optically thick, geometrically thin accretion disks,
and observed X-ray properties of AGN, to provide new bolometric correction factors (kBOL)
over a large range of black hole (BH) mass, accretion rate, and spin. This is particularly im-
portant in cases where the mass accretion rate cannot be determined from the observed spec-
tral energy distribution, and in cases where luminosity-independent correction factors have
been used. Simple powerlaw approximations of kBOL are provided for L(5100A˚), L(3000A˚),
L(1400A˚), L(2-10 keV) and L(narrow Hβ ). In all cases the uncertainties are large mostly due
to the unknown BH spin. Prior knowledge of the BH mass reduces the uncertainty consider-
ably.
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1 BACKGROUND
A major challenge in the study of active galactic nuclei (AGN) is
the estimate of their bolometric luminosity (hereafter LAGN). The
main limitation is that much of the rest-frame ultraviolet (UV) spec-
tral energy distribution (SED) is hidden from view, either due to
galactic absorption in low redshift objects, or inter-galactic absorp-
tion in high redshift objects. Additional difficulties are the limited
wavelength range accessible to various survey like SDSS, WISE
and UKIDSS, the variability which is hard to measure, and dust ex-
tinction in some objects. The uncertain LAGN affects the estimate
of black hole (BH) growth and the Eddington ratio (L/LEdd). It
also limits our understand of the interaction of the central radiation
source with the central accretion disk (AD), the broad line region
(BLR), the narrow line region (NLR), the central dusty torus, the
interstellar matter (ISM) in the host galaxy, and the inter-galactic
medium at larger distances. These issues have been discussed in nu-
merous publications (for recent reviews see Beckmann & Shrader
2012; Netzer 2013).
AGN are probably powered by the conversion of gravitational
energy to electromagnetic radiation via various types of accretion
flows. Examples of such flows are radiatively efficient, optically
thick, geometrically thin ADs, (e.g Shakura & Sunyaev 1973, here-
after SS73), radiatively inefficient, advection dominated accretion
flows (ADAF, see e.g. Narayan 2005), and very high accretion
rate, geometrically thick or slim disks (e.g. Mineshige et al. 2000;
Sa¸dowski & Narayan 2016). Radiatively efficient, geometrically
thin ADs are perhaps the best understood accretion flows. Their
⋆ E-mail: hagainetzer@gmail.com
total radiative power is determined by the BH accretion rate (M˙)
and spin (represented by the spin parameter a), and their theoretical
SEDs have been compared, successfully, with numerous observa-
tions. The mass to radiation conversion efficiency in such disks,
η , ranges between 0.321 (a = 0.998) and 0.038 (a = −1). Per-
haps the most detailed observations of such disks, in terms of rest-
frame wavelength coverage, are those presented by Capellupo et al.
(2015, 2016). They show a very good agreement between the pre-
dicted thin AD spectra and the observations. Various other publica-
tions, based on a more restricted wavelength range (see Davis et al.
2007; Jin et al. 2012a,b; Lusso et al. 2015), reach similar conclu-
sions.
The higher accretion rate slim ADs are common but not so
well understood. Such systems are identified either by their high
normalized accretion rate M˙/MBH, or by their unique spectroscopic
properties. Main candidates to host such disks are Narrow Line
Seyfert 1 galaxies (NLS1s) or high redshift very luminous AGN,
both with L/LEdd∼ 1. There are attempts to calculate the SED of
such sources using thin ADmodels with modified local temperature
and opacity and various types of coronae (see e.g. Done et al. 2012,
2013; Kubota & Done 2018). Other models invoke saturated disk
radiation above a certain L/LEdd, due to radial advection, and/or
powerful disk winds which are capable of carrying out a significant
part of the released gravitational energy. Under these conditions,
the connection between accretion rate, spin and radiated power,
can differ substantially from those in thin ADs. The few available
numerical calculations (e.g. Sa¸dowski & Narayan 2016), suggest
overall radiative efficiency which is lower than the efficiency of
thin ADs, perhaps in the range 0.01-0.08.
The low efficiency flows, like ADAFs, are also less well
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understood. Here, again, there is no simple relationship between
LAGN, BH spin, and accretion rates, and η is low, perhaps be-
low 10−3. The present work focus on geometrically thin, optically
thick ADs; the main power-house of most observed high ionization
AGN, but perhaps not all LINERs.
Most AGN are powerful X-ray emitters with energy in the
approximate range 0.2-100 keV, where the limit at 0.2 keV is ar-
bitrarily determined by the capability of most X-ray instruments.
In radio-quiet AGN, the emitted X-ray radiation is though to be
drawn, entirely, from the gravitational energy of the accretion flow.
The origin of the X-ray radiation is still somewhat unclear. The soft
X-ray radiation may be associated with a Compton thick medium
at the surface of the disk (e.g. Done et al. 2012, and references
therein). At higher energies, the emitted radiation is probably pro-
duced by a Compton thin corona which extends over the cen-
tral parts of the disk (see e.g. Done et al. 2012; Reynolds 2016;
Kubota & Done 2018). While not all the details of these processes
are understood, the relations between the total X-ray luminosity LX,
(in this work the integrated 0.2-100 keV luminosity) and LAGN, are
well constrained, because these parts of the SED are readily acces-
sible for X-ray instruments. In this paper I use the 2-10 keV energy,
L(2-10 keV), as a proxy for LX.
Some of the emitted disk radiation can ionize low-density gas
in the NLR which results in easy to observe narrow emission lines.
The lines can be used to estimate LAGN provided the gas is optically
thick to Lyman continuum radiation, and its covering factor (C f ),
and amount of dust extinction, are known. Detailed investigation of
these issue have been published by Heckman et al. (2004), Netzer
(2009), Heckman & Best (2014), and others.
The purpose of this paper is to calculate various optical,
UV and X-ray bolometric correction factors (hereafter kBOL) for
AGN that are powered by optically thick, geometrically thin
ADs that extend all the way to the innermost stable circular
orbit (ISCO). It follows several earlier publications discussing
this issue (e.g. Marconi et al. 2004; Vasudevan & Fabian 2007;
Richards et al. 2006; Netzer 2009; Nemmen & Brotherton 2010;
Runnoe et al. 2012a; Jin et al. 2012a; Trakhtenbrot & Netzer 2012;
Krawczyk et al. 2013; Netzer et al. 2016). Improving the accuracy
of such estimations is required in many cases where the accretion
rate cannot be determined from the optical SED either because of
the redshift or the very high luminosity of the sources (see e.g. Fig.
1 in Netzer & Trakhtenbrot 2014).
In §2 I describe the accretion disk and X-ray models and ex-
plore kBOL over a large range of BH mass, spin, and accretion rate.
In §3 I discuss the implications to AGN study and in §4 I summa-
rize the results.
2 CALCULATIONS
This work provides theoretically-based calculations for a vari-
ety of bolometric correction factors: kBOL(5100A˚), kBOL(3000A˚),
kBOL(1400A˚), kBOL(2-10 keV) and kBOL(narrow Hβ ), where
LAGN=kBOL×(observed luminosity) and L(1400A˚) stands for λLλ
at 1400A˚. The calculations are limited to optically thick, geometri-
cally thin ADs assuming that accretion through the disk, with time
independent accretion rate, is the only energy production mecha-
nism. and LAGN=ηM˙c
2. For reasons explained below, I avoid slim
accretion disks with L/LEdd> 0.5. I also avoid very low accretion
rate systems, with L/LEdd< 0.001. The emitted X-ray radiation is
assumed to be drawn from the same source of energy, thus the cal-
culated LX does not affect the derived LAGN. The range of BH mass
is 107 − 1010 M⊙, and the BH spin parameter covers the entire
range allowed for such systems, from -1 to 0.998.
2.1 Accretion disk calculations
The accretion disk model used here is described in Slone & Netzer
(2012). It is similar to the standard SS73 disk but includes also full
relativistic corrections and Comptonization in the disk atmosphere.
The disk is assumed to be stationary with a constant viscosity pa-
rameter α = 0.1. It extends from the ISCO out to r = 2160rg , where
rg is the gravitational radius. The calculations start with an assumed
BHmass, BH spin and disk inclination. The entire SED is then cal-
culated for a range of accretion rates such that the entire allowed
range of L/LEdd is covered. The resulting spectra are used to define
kBOL(1400A˚), kBOL(3000A˚) and kBOL(5100A˚).
Several other types of AGN disks have been considered. In
particular, two or three-part disks involving warm and hot X-ray
gas, have been suggested (e.g. Done et al. 2012; Kubota & Done
2018; Panda et al. 2019, and references therein). Such systems
produce significantly different ionizing SEDs and are discussed,
briefly, in §2.2. The code QSOSED is available as a part of XSPEC
for calculating such SEDs.
The disk inclination factor assumed in the calculations takes a
simple, wavelength-independent form.
Lν
Lν ( f ace−on)
=
1
1+b
cosθ (1+bcosθ ) (1)
where θ is the inclination to the line of sight and b a limb dark-
ening factor. The case b = 0 corresponds to the simplest case of
Lν ∝ cosθ . Here I use b = 2 which is in good agreement with
an electron scattering atmosphere. There are some differences be-
tween the two assumed values of b regarding the dependence of
the inferred kBOL on the (observationally unknown) disk inclina-
tion. For type-I AGN, with cosθ ∼ 0.7, they amount to only a
few percent. For very large inclinations, those hardly observed in
type-I sources, they are much larger. The values of kBOL(1400A˚),
kBOL(3000A˚) and kBOL(5100A˚) were calculated for a disk incli-
nation that recovers the correct LAGN by integrating Lν over the
observed SED (θ ≈ 56 degrees).
As shown in Slone & Netzer (2012), and also in Laor & Davis
(2014), disk winds can reduce LAGN, soften the emitted spectrum
and affect kBOL. Such winds are not considered in this work. I also
do not consider various line and bound-free absorption properties
in the disk atmosphere that can significantly alter the far-UV SED
(see e.g. Davis & Laor 2011) but not the total emitted power. As
shown below, earlier calculations of kBOL for geometrically thin
ADs, by Nemmen & Brotherton (2010), resulted in bolometric cor-
rection factors similar to the ones presented here.
GR effects change photon trajectories close to the ISCO. For
the BH mass in question, such effects are only noticeable at very
large disk inclination and high spin (see e.g. Laor et al. 1990;
Campitiello et al. 2018). Very few, if any type-I AGN are observed
at such inclination angles. In addition, the angular radiation pat-
tern of the X-ray source can be different from that of the geometri-
cally thin AD. This can have important observational consequences
(Netzer 1987) but is beyond the scope of the present work.
For illustration purpose, I only show four values of the spin pa-
rameter: -1, 0, 0.7 and 0.998. The corresponding mass-to-radiation
conversion deficiencies are 0.038, 0.057, 0.104 and 0.321. I also
show only four values of BH mass, 107 M⊙, 10
8 M⊙, 10
9 M⊙,
and 1010 M⊙. This combination of BH mass and spin is enough
to illustrate the entire range of kBOL. I exclude cases where the
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fractional ionizing luminosity is below 5%. For smaller fractions,
the resulting equivalent width (EW) of the strongest broad emis-
sion lines are too small to be detected in big spectroscopic sur-
veys, like SDSS. Such objects would normally not be classi-
fies as type-I AGN because of their very weak, small EW broad
emission lines (see Laor & Davis 2011; Hryniewicz et al. 2010;
Netzer & Trakhtenbrot 2014; Bertemes et al. 2016).
The transition between thin and slim accretion disks depends
on M˙/MBH which, for thin ADs, is proportional to L/LEdd. The
number chosen here, L/LEdd=0.5, is somewhat arbitrary mostly
because slim disk calculations are still rather uncertain. Proposed
numbers range from L/LEdd=0.1 to L/LEdd≈ 1 (e.g. Sa¸dowski et al.
2011; Du et al. 2015; Sa¸dowski & Narayan 2016, and references
therein). The transition to ADAF is taken to be L/LEdd= 0.001.
This is also model dependent and several calculations assume lower
values (see Sa¸dowski & Gaspari 2017, and references therein). This
limit leaves many LINERs outside the population considered here.
As explained below, various other constraints further reduce the
range of L/LEdd.
2.2 X-ray calculations
The X-ray properties of AGN have been studied, extensively, in nu-
merous papers (Vasudevan & Fabian 2007; Done et al. 2012, 2013;
Jin et al. 2012b; Reynolds 2016; Kubota & Done 2018; Panda et al.
2019, and references therein).
X-ray production must be related to gas with a temperature
significantly above the standard thin disk temperature. Several re-
cent studies (e.g. Kubota & Done 2018; Panda et al. 2019) consider
this radiation to originate from the regions nearest to the BH. These
are divided into warm corona, producing the so-called “soft X-ray
excess”, and hot corona producing the X-ray power-law. The frac-
tion of the accretion energy dissipated in the two regions depends
both on the accretion rate and the Eddington ratio.
Here I take a purely observational approach and consider only
the hard X-ray power-law sources, with NE ∝ E
−Γ, where NE is
the photon flux at energy E chosen here to extend from 0.2 to 100
keV. In most AGN 1.6 < Γ < 2.2 and the value itself must be
related to the details of the accretion process. The value adapted
here, Γ = 1.9, is representative of the population of radio quite
AGN (Ricci et al. 2017, and references therein). This slope results
in LX=3.9L(2-10 keV) where LX=L(0.2-100 keV).
A central assumption of this work is the existence of a tight
correlation between the UV and X-ray luminosities. This corre-
lation, or its equivalent, αOX , have been studied in numerous pa-
pers (e.g. Just et al. 2007; Jin et al. 2012b, and references therein).
The form used here is adapted from the various fits presented in
Lusso & Risaliti (2016) and is given by:
logLν(2keV) = 0.62logLν (2500A)+7.77 . (2)
The measured scatter around this relationship depends on the X-
ray slope Γ, on the (unknown) disk inclination, and on the way
used to model the observed flux at 2500A˚ which is contami-
nated by broad FeII lines and Balmer continuum emission (see
Mejı´a-Restrepo et al. 2016, and references therein).
Two general assumptions related to the X-ray radiation are
used: 1) Full energy conservation (the radiated X-ray energy is
drawn from the gravitational energy of the flow). 2) The produc-
tion of X-ray photons does not affect the measured L(5100A˚),
L(3000A˚) and L(1400A˚). The second assumption requires some
justification.
As explained, the hard X-ray radiation is probably the results
of a hot, Compton-thin corona covering the central part of the disk
and up-scatters the optical-UV continuum photons. Energetically,
this involves heating of the corona, through dissipation, and chang-
ing the energy of the scattered radiation. Unlike the three region
disks considered by Kubota & Done (2018), the disks in this work
extend all the way to the ISCO. In this case, heating the corona can
be achieved if a small fraction of the accretion flow, goes through
the top layer of the disk and heats it to temperatures far above the
thin AD temperature. This dissipation reduces the optical-UV lu-
minosity compare with a case of a thin AD without a corona. If
the corona covers only the innermost part of the disk, where most
of the emitted flux is beyond 1 Rydberg, then the E < 1 Rydberg
radiation, including L(5100A˚), L(3000A˚) and L(1400A˚), is not af-
fected much by the entire process. Moreover, in this case most of
the upscattered photons are Lyman continuum photons. Under such
conditions, LX<LION, where LION stands for the E > 1 Rydberg
luminosity of a disk with the same accretion rate but without a
corona. Since low spin, low accretion rate and large BH mass re-
sult in small LION/LAGN, and LX is assumed to depend directly on
L(2500A˚) (eqn. 2), in some of these cases LX can be large even
when LION/LAGN is very small. Under such conditions, the lowest
L/LEdd that can be achieved is about 0.007, rather than the general
low limit of 0.001 imposed earlier.
The alternative is a larger corona that extends far beyond the
ISCO. In this case, there is a direct link between the E < 1 Rydberg
radiation and LX since the flow going through the corona reduces
the emission from the parts of the disks where this radiation is emit-
ted. Moreover, some of these photons are converted to X-ray radia-
tion. This requires to impose a second condition of LX< 0.5LAGN.
There are only a few known AGN where LX is larger than the sec-
ond limit.
All the calculations presented in this work apply to both con-
ditions, LX<LION and LX< 0.5LAGN. For a detailed discussion of
various possible geometries and types of coronae see Done et al.
(2012) and Kubota & Done (2018).
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Figure 1. Various bolometric correction factors vs. LAGN for thin accretion disks with “mean inclination” and X-ray properties as defined in this work. Here and
in all other diagrams, point size represent BH mass. MBH=10
7 M⊙ (tiny points), MBH=10
8 M⊙ (small points), MBH=10
9 M⊙ (large points) and MBH=10
10M⊙
(largest points). Each BH mass is separated into four groups of spins: a=-1 (smallest kBOL), a=0, a=0.7 and a=0.998 (largest kBOL). The top left panel shows
kBOL(narrow Hβ ) assuming optically thick NLR with a covering factor of 0.05 and no internal dust.
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Figure 2. As Fig. 1 but for observed luminosities, as marked on the horizontal axis. The spin parameters (a) for MBH=10
7M⊙ are marked in the bottom left
panel. The black solid diagonal lines in all panels show the eye-fitted approximations given in eqn. 3 and Table 1. For kBOL(1400A˚) and kBOL(5100A˚) I also
show the AD-based fit of Nemmen & Brotherton (2010) (dashed black lines), the expression derived for the power-law continuum by Runnoe et al. (2012a)
(dotted black lines), and the constants used in the Shen et al. (2011) catalog following the Richards et al. (2006) analysis (solid black horizontal lines). The
range marked by the two horizontal lines in kBOL(narrow Hβ ) is the one recommended in Netzer (2009). For kBOL(2-10 keV), the dashed black line is the
Marconi et al. (2004) approximation.
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2.3 Narrow emission line calculations
Several narrow emission lines have also been used to esti-
mate LAGN. The most useful ones are Hα , Hβ , [O III] λ5007,
and [O I] λ6300 (see Netzer 2009; Heckman & Best 2014;
Pennell et al. 2017, and references therein). In the present study,
the Balmer line luminosities were calculated from the number of
ionizing photons, assuming a nominal covering factor (C f ) for the
NLR and a standard Case-B recombination with Te = 10
4K. Since
L(narrow Hα)/L(narrow Hβ ) is known from recombination theory,
I only show kBOL(narrow Hβ ). Realistic photoionization calcula-
tions must also take into account the fraction of ionizing radiation
absorbed by dust grains and hence not available for ionizing hydro-
gen. The exact fraction depends mostly on the ionization parameter
(U) of the NLR gas (see Netzer 2013). The results shown below
assumeC f =0.05 and no dust absorption. This tends to overestimate
the L(narrow Hβ ), especially for U > 10−2.
The calculations of L([O III] λ5007) are more problematic.
The line luminosity is sensitive to both the shape of the ion-
izing SED (known in this work) and the ionization parameter
(not included in this work), and to a lesser extent on the gas
metallicity. Two cases were considered: line luminosity which is
scaled to LION, and line luminosity which is scaled to L(E >
35.1 eV), where 35.1 eV is the ionization potential of O+.
Both approximations are problematic because not all Lyman
continuum photons can ionize O+, and because of the possi-
ble modification of the disk ionizing SED by soft X-ray ra-
diation (e.g. Panda et al. 2019). A reasonable approximation is
L([O III] λ5007)=0.0025(C f (NLR)/0.05)LION but this may fail at
extreme cases of very large BH mass or very small BH spin, where
L(E> 35.1 eV) is very small. Because of this ambiguity, I do not
provide calculated kBOL([O III] λ5007) in this work.
Finally, L([O I] λ6300) is even more model dependent and no
attempt was made to calculate kBOL([O I] λ6300). Detailed pho-
toionization calculations, and full discussion of these issues, in-
cluding a comparison with a large sample of type-II AGN, are given
in Netzer (2009).
2.4 Bolometric correction factors
The calculations of the various bolometric correction factors are
presented in Fig. 1 and Fig. 2. The bottom part of Fig. 1 shows
the correlation of kBOL(5100A˚) and kBOL(1400A˚) with LAGN.
There are four colors and point sizes that represent four BH
masses: MBH=10
7 M⊙ (tiny points), MBH=10
8 M⊙ (small points),
MBH=10
9 M⊙ (large points) and MBH=10
10M⊙ (largest points).
Each of the mass groups is divided into four groups of spin pa-
rameter: -1 (lowest luminosity points), 0, 0.7, and 0.998 (highest
luminosity points). Each group of colored points shows a rise from
bottom left to upper right following the increase in mass accre-
tion rate, M˙. Since the behaviour of kBOL(3000A˚) is in between the
other two, I chose not to show it in a separate panel. It is important
to emphasize that kBOL(3000A˚) refers to the disk SED. In many
AGN (see e.g. Mejı´a-Restrepo et al. 2016), the so-called “small
blue bump” (a blend of Balmer continuum and FeII line emission)
gives an impression of a local continuum which may be as large
as 20-50% of the disk continuum. This must be taken into account
when using this bolometric correction factor to find LAGN.
The top panels of Fig. 1 and Fig. 2 show kBOL(2-10 keV) and
kBOL(narrow Hβ ). It is evident that the scatter in all diagrams is
very large because of the large range in accretion rate and BH spin.
Table 1. Fitting constants for kBOL= c× [L(observed)/10
42 erg/sec)]d as-
suming “mean” disk inclination. The number in parentheses is for cases
where the Balmer continuum and the FeII lines are included in L(3000A˚).
L(observed) c d
L(5100A˚) 40 -0.2
L(3000A˚) 25(19) -0.2
L(1400A˚) 7 -0.1
L(2-10 keV) 7 0.3
L(narrow Hβ ) 4580 0.18
The scatter in kBOL(2-10 keV) is somewhat smaller, mostly because
this correction factor increases with LAGN.
The calculations shown in Fig. 1 do not provide a practical
way to estimate LAGN. Therefore, I present in Fig. 2 the calculated
kBOL as a function of measured luminosities: L(1400A˚), L(5100A˚),
L(2-10 keV) and L(narrow Hβ ). I also present eye-fitted log-log
lines that go roughly through the points. The purpose is to properly
represent the case with a = 0.7 (η = 0.104) and hence the curves
under-estimate kBOL for the highest M˙, maximum BH spin cases.
The simplified eye-fitted curves shown in Fig. 2 are given by:
kBOL = c× [L(observed)/10
42 erg/sec)]d , (3)
where L(observed) is the luminosity in question. Table 1 presents
recommended values for the constants c and d. For the constant c
in the expression for kBOL(3000A˚) I give two approximations: one
relative to the accretion disk continuum and one, in parentheses,
for a case where the Balmer continuum and FeII line blends are not
removed prior to the estimate of LAGN.
There is no simple way to estimate the uncertainties in kBOL
since the number of points shown in the various diagrams has
nothing to do with the distribution of BH mass, spin, and accre-
tion rate in the AGN population. Moreover, the extreme values of
kBOL depend on the various constraints imposed here on L/LEdd,
LION/LAGN and LX/LION. Fitting more sophisticated functions to
these points, or using a χ2-type analysis is, therefore, not very
meaningful. Perhaps a more meaningful way is to consider the
extreme values of the various calculated kBOL. This shows that,
within the above constraints, the range is typically as large as the
range in the mass conversion efficiency η (a factor of ∼ 8.4) with
some cases exceeding an order of magnitude. The range is consid-
erably reduced at the high luminosity end where other considera-
tions, such as the fraction of ionizing radiation, limit the observable
properties.
Fig. 3 provides more information about the range of
kBOL(5100A˚) for the case of MBH= 10
9 M⊙. The diagram shows
the spin parameters considered earlier for various limits imposed
by LION and LX. The solid lines show the boundaries of the al-
lowed region for LION> 0.05LAGN and LX<LION, the same as in
Fig. 1 and Fig. 2. The boundaries are set by the smallest (a = −1)
and largest (a = 0.998) BH spins, and by the smallest and largest
L/LEdd which are consistent with these conditions. While the up-
per limit of L/LEdd=0.5 is reached for all values of a, the lowest
Eddington ratio in this case (about 0.007) is much larger than the
allowed lowest value of 0.001 (also shown in the diagram). This
was obtained by changing the condition on LX to be LX< 0.5LAGN,
which allows smaller values of L/LEdd, in some cases as small as
0.001 (shown as a dashed line). The thick solid line marks the ap-
proximation of eqn. 3, as in Fig. 2. For the default case where
LX<LION, the uncertainty on LAGN range from±0.05 dex to±0.35
dex, depending on L(5100A˚). Clearly, prior knowledge of MBH can
significantly improve the determination of LAGN.
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Figure 3. Boundaries for kBOL(5100A˚) for the case of MBH= 10
9 M⊙ . The
boundaries set by the BH spin are marked by the spin parameter a. The
region on the right is not allowed since L/LEdd> 0.5 and the region below
the lowest dashed line is where L/LEdd< 0.001. The thick solid line is the
approximation of eqn. 3.
Of the few earlier estimates of kBOL, those of
Nemmen & Brotherton (2010) and Runnoe et al. (2012a,b)
are most relevant to this work. The Nemmen & Brotherton (2010)
paper made use of a library of accretion disk SEDs computed by
Hubeny and collaborators. While these models are superior to the
disk models used here, the differences regarding kBOL are very
small. The best fit approximation recommended by the authors is
shown by a dashed black line in Fig. 2. This line is similar to the
eye-fitted approximation of the present work (note that Nemmen
and Brotherton calculated kBOL(1450A) which is practically iden-
tical to kBOL(1400A˚) considered here). The expression obtained by
Nemmen & Brotherton (2010) is based on a χ2 method applied to
a library of AD models with various mass, spin and accretion rate.
It depends on the availability of such models and not on population
properties, and is hence not superior to the eye-fitted curve used
here.
Runnoe et al. (2012a) used a broken power-law SED, extend-
ing to 8 keV, to calculate a different set of bolometric correction
factors. This is also shown in Fig. 2 by a dotted black line. Since
the broken power-law continuum was chosen to correctly connect
the optical and X-ray points, the resulting kBOL is not very dif-
ferent from the ones computed here. Fig. 2 also shows the con-
stant kBOL(5100A˚) and kBOL(1350A˚) used in the Shen et al. (2011)
AGN catalog as adapted from the analysis in Richards et al. (2006).
I also show in Fig. 2 the widely used approximation of
Marconi et al. (2004) which agrees with the AD approximation
very well assuming LX<LION. For the alternative possibility of
LX< 0.5LAGN (not shown here), the eye-fitted line would move
down by about 0.3 dex. As shown by Vasudevan & Fabian (2007),
and also by Jin et al. (2012b), the Marconi et al. (2004) approxima-
tion gives too small kBOL(2-10 keV) for NLS1s which is not sur-
prising as such objects do not obey the basic relationship (eqn. 2)
between L(2500A˚) and Lν(2keV) assumed here. The reason may be
related to the type of ADs powering such sources (probably slim
ADs with large L/LEdd). Because of this, kBOL(2-10 keV) esti-
mated here should not be used to estimate LAGN in NLS1s.
Finally, the new calculations can be compared to those pre-
sented in Netzer (2009) where the recommended numbers for
kBOL(narrow Hβ ), assuming galactic-type extinction, is in the
1042 1043 1044 1045 1046 1047
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Figure 4. Calculated EW(narrow Hβ ) for thin ADs assuming C f =0.05 and
no absorption of ionizing radiation by dust grains inside the NLR clouds.
range 5600-8700 (shown in Fig. 2), for L([O III] λ5007)/L(narrow
Hβ )< 12. The new results are in reasonable agreement with this
estimate especially given the uncertain amount of ionizing radia-
tion absorbed by dust grains and the scatter in covering factor. The
reason for the large increase in kBOL(narrow Hβ ) at high L(narrow
Hβ ) is the decrease in LION/LAGN at the high mass end.
The new models can be used to calculate EW(narrow
Hβ ) using the computed L(5100A˚) and L(narrow Hβ ). This is
shown in Fig. 4. The numbers can be compared with obser-
vations of type-I AGN with little or no dust reddening of the
disk continuum. A simple eye-fitted curve gives: EW(narrow
Hβ )=100(C f (NLR)/0.05)[L(5100A˚)/10
42]−0.34. As noted earlier,
the calculations are not suitable for estimating the [O III] λ5007
luminosity and hence also not for estimating EW([O III] λ5007).
Some idea of the oxygen line luminosity and equivalent width can
be obtained by noting that most type-II AGN fall in the range
2 <L(narrow [O III] λ5007)/L(narrow Hβ )< 10 where high ion-
ization AGN occupy the upper part and LINERs the lower part of
this range.
3 IMPLICATIONS TO AGN STUDY
The calculations presented here illustrate the big uncertainties asso-
ciated with the estimate of LAGN using bolometric correction fac-
tors based on various measured luminosities. Several commonly
used estimates provide reasonable approximations to the mean pop-
ulation properties but can be wrong, by an order of magnitude or
more, for individual sources. BH mass estimates can significantly
improve this situation (see Fig. 3). In addition, in low redshift, low
luminosity type-I AGN, where the part of the SED with Lnu ∝ ν
1/3
is directly observed, M˙ can be estimated from the luminosity of the
long wavelength continuum (e.g. Collin et al. 2002; Laor & Davis
2011; Netzer & Trakhtenbrot 2014). In such cases, the combination
of MBH and M˙ limit the uncertainty to the unknown BH spin and
measuring optical, UV or X-ray luminosity can reduce it further.
For type-I AGN, the unknown disk inclination is another
source of uncertainty. All the calculations presented here are for
an inclination of ∼ 56 degrees. For a torus covering factor of
0.5, the mean expected inclination is smaller, corresponding to
cosθ ∼ 0.7. This would over-estimates the disk luminosity by a fac-
tor of∼ 1.4 and requires a corresponding decrease in kBOL(1400A˚),
c© 0000 RAS, MNRAS 000, 000–000
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kBOL(3000A˚) and kBOL(5100A˚). For face-on ADs, the number is
closer to 2.5.
An interesting feature in Fig. 2 is the convergence of
kBOL(1400A˚) to a constant value of 2-3 at large AGN luminosity
and large MBH. The small range in kBOL is due to the combination
of the small LION/LAGN typical of such sources, and the restrictions
imposed here on L/LEdd. For the range of BH spin and L/LEdd al-
lowed here,
logLION ≃ 12.9+0.72logL(1400A˚) . (4)
For L(1400A˚)> 1047 erg s−1, LION is considerably smaller than
LAGN and its exact value, which is sensitive to the exact value of a
and MBH, does not influence much the derived kBOL.
An important potential source of uncertainty in kBOL(2-10
keV) is the unknown radiation pattern of the X-ray corona. In this
work I assumed isotropic X-ray emission. This means that kBOL(2-
10 keV) is the same for type-I and type-II AGN. An X-ray radia-
tion pattern similar to a thin disk pattern would result in a larger
kBOL(2-10 keV) for type-II sources. There are other implications to
the X-ray radiation pattern like those discussed in Netzer (1987).
Finally, Fig. 2 and Fig. 4 suggest that EW(narrow Hβ ), and
the equivalent widths of other narrow emission lines, such as
[O III] λ5007, are much smaller in high luminosity, large BH mass
sources, provided the NLR covering factor is not increasing with
luminosity. There are indications that this is indeed observed in the
most luminous AGN (e.g. Shemmer et al. 2004; Netzer et al. 2004),
although other explanations (an NLR size that exceeds the size of
the host galaxy) have been proposed.
4 CONCLUSIONS
Optically thick geometrically thin ADs are likely to be the power-
house of many AGN. The case of a disk which extends all the way
to the ISCO allows simple, straight-forward computations of vari-
ous bolometric correction factors that enable more robust estimates
of LAGN that are not sensitive to the details of the X-ray production
mechanism. Such approximations are superior to various constant
bolometric correction factors used in the literature.
The new calculations provide simple approximations for
kBOL(5100A˚), kBOL(3000A˚) and kBOL(1400A˚) for type-I AGN,
and kBOL(2-10 keV) and kBOL(narrow Hβ ) for both types of AGN,
excluding LINERs, over a large range of BHmass, BH spin and BH
accretion rate. Their use can lead to a better evaluation of LAGN and
L/LEdd in various situations of astrophysical interest. The paper
demonstrates the large inherited uncertainty in estimating LAGN in
cases where the BH spin and accretion rate are not known. The un-
known inclination of the disk in type-I AGN is an additional source
of uncertainty. Previous knowledge of the BH mass can reduce this
uncertainty considerably.
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